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Abstract This paper proposes a multidimensional model for the selection of per-

sonalized landmarks. The model is based on an existing landmark salience model,

which was designed to be open to adaptations regarding individual user preferences.

The conventional model is based solely on landmark dimensions (i.e. visual, seman-

tic and structural dimension). We add an additional personal dimension to account

for different familiarities and interests. Further, we add an environmental dimension

to accommodate different routing situations and a descriptive dimension to consider

the brevity of a landmark description. In this paper we identify the attributes of the

dimensions of the multidimensional model and investigate methods for calculating

the salience of the attributes. The applicability and usefulness of the (still evolving)

model is shown with three different case studies.

1 Introduction

Awareness has been increasing that people with different backgrounds and prefer-

ences prefer different landmarks (Hamburger and Röser 2014; Quesnot and Roche

2015). The latter study showed that people familiar with an environment clearly pre-

ferred local semantic landmarks, while people unfamiliar with an environment pre-

ferred landmarks with salient visual and structural characteristics. It is also known

that the level of interest can enhance memory for some information (McGillivray

et al. 2015). Obviously, it is a challenging task to find the best landmark based on

spatial knowledge and individual interests of a traveler.

The term landmark exhibits many different meanings. The most fundamental one

is that of an object or structure that serves as external point of reference (Lynch

1960). Thus, a landmark has an outstanding visual characteristic, a unique importance
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or meaning or is in a central location (Sorrows and Hirtle 1999). Landmark salience

is additionally affected by the perspective of the observer, the surrounding environ-

ment and the objects contained therein (Caduff and Timpf 2008). For the purpose

of this study, we are defining the term landmark as “any outstanding urban struc-

ture”. We do not restrict our work to buildings and treat also other urban structures

(e.g. water wheels, information panels or dust bins). We focus on three-dimensional

local landmarks for pedestrians at decision points.

There is a large number of possible landmarks, which can be included in route

instructions in different situations and for different travelers. Different travelers

would find different landmarks to be most useful in a given situation (Götze and

Boye 2016). Humans choose landmarks based on several criteria, such as the mode of

travel, the desired route characteristics (Lovelace et al. 1999) but also using personal

dimensions. Several studies have proposed landmark salience models. These models

are either typically landmark identification or landmark integration models (Richter

and Winter 2014). Landmark identification models are based on landmark dimen-

sions and identify landmarks’ salience based on the well-established visual, semantic

and structural dimensions by Sorrows and Hirtle (1999). The degree to which each

of these dimensions influences the total measure of landmark salience is determined

using weights for each dimension. How these weights should be chosen to adapt to

the mode of travel or individual user preferences has not yet been studied extensively.

Landmark integration models by contrast are based on environmental dimensions.

They detect route-dependent landmarks according to attributes such as uniqueness in

a given environment, position along a route or visibility from the route. None of the

models investigated so far include personal preferences or knowledge that influence

the process of landmark integration.

The contribution of this paper is a multidimensional model that helps to select

personalized landmarks. The goal is to extend an existing landmark salience model

by including a so called personal dimension of landmarks. Specifically, we take the

existing landmark salience model by Raubal and Winter (2002) and add personal

attributes. Furthermore, we add an environmental dimension to account for different

routing situations and a descriptive dimension to consider the brevity of a landmark

description. The result of the model is a measure of the personal landmark salience

of a landmark candidate for a specific person. The measure can then be integrated in

the generation of a route (Nuhn and Timpf 2016). This paper tackles the challenges

of designing such a multidimensional model, while the integration of the results in

routing algorithms is treated elsewhere.

Section 2 gives an overview of related work, focusing on existing landmark

salience models based on landmark, descriptive, environmental as well as personal

dimensions. Section 3 introduces the multidimensional model for personalized land-

marks. In Sect. 4 we present example case studies to demonstrate the proposed

model. The final section concludes and identifies future work.
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2 Related Work

In this section existing work regarding landmark salience models based on landmark,

descriptive, environmental and personal dimensions is reviewed.

Landmark Dimensions
In landmark research landmark identification is done considering several dimen-

sions of landmarks. A classification was presented by Sorrows and Hirtle (1999)

and modified by Raubal and Winter (2002). The framework defines three landmark

dimensions: the visual, the semantic and the structural dimension. There are many

approaches based on these landmark dimensions to assess the salience of objects

for route instructions. One very fundamental approach was proposed by Raubal and

Winter (2002). They suggested measures to formally specify the salience of build-

ings (see Sect. 3.3.1). Nothegger et al. (2004) further extended and implemented

the approach on façades and showed that the model is applicable to assessing land-

mark salience. Elias (2003) was the first to propose data mining methods: She used

existing spatial databases instead of manual collection methods and thus focused on

buildings as landmark candidates.

There are other studies addressing the lack of available data sources. Newer

approaches are based on VGI (Volunteered Geographic Information) and crowd-

sourcing initiatives. For example Kattenbeck (2016) proposed an empirically val-

idated model and approach for a survey-based assessment of object salience. The

model incorporates the results of prior studies on features that are important for

salience. After testing the model with a large-scale in-situ experiment it turned out

that route related features as well as visual aspects are the most important influences

for the prediction of the overall salience of a feature. Another approach used Open

Street Map (OSM) data as source and implemented tagging OSM objects as potential

landmarks (Wolfensberger and Richter 2015). They implemented a mobile applica-

tion, which enables user-generated collection of landmarks. Other approaches used

OSM data to automatically identify landmarks. Nuhn et al. (2012) proposed a land-

mark index based on attributes of the landmark dimension to automatically extract

landmarks from OSM. These approaches can be used to provide methods for real-

world crowd sourcing scenarios, which are important for mobile pedestrian navi-

gation systems. However, all approaches have in common that they only consider

attributes contributing to the landmark dimension.

Descriptive Dimensions
The brevity of a landmark description relates to the number of words or terms needed

to refer to it in route instructions (Burnett et al. 2001). The description of a landmark

should be as precise as possible. According to Burnett et al. (2001) a good landmark

requires a minimum of additional information to be usable in route instructions. A

detailed description of an object can prevent confusion with other objects but the

complexity of the description should be minimized to reduce the cognitive load

(Elias 2003). Too much information has an adverse effect on efficient wayfinding

(Schneider and Taylor 1999). Objects with lengthy descriptions require the wayfinder

to process several different information elements (Burnett et al. 2001). The length
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of the landmark description can vary depending on the perspective and the famil-

iarity of the traveler with the environment. A description can be coarse such as “the

church”, but it can also be refined in various ways (e.g. “the church with the red

façade and the two steeples”) (Tenbrink and Winter 2009).

Environmental Dimensions
Approaches that focus on environmental dimensions are known as landmark inte-
gration approaches (Richter and Winter 2014). Here the focus is on environmental

attributes (e.g. distance to the decision point, visibility from the route or uniqueness

in the neighborhood of the route). The advance visibility of an object informs if the

object can be clearly seen from the route in all conditions (Burnett et al. 2001). Win-

ter (2003) introduced advance visibility into the basic model of Raubal and Winter

(2002). He investigated the identifiability of an object along the route, taking into

account that a geographic feature that is visible early on along a route is more suit-

able as a landmark than a feature that is spotted at the very last moment. Klippel and

Winter (2005) also integrated landmarks in route instructions with regard to a spe-

cific route. Besides advance visibility they considered the configuration of the street

network as well as the route along the network. An approach to integrate landmark

information directly into the routing algorithm was proposed by Elias and Sester

(2006) using a modified Dijkstra algorithm to calculate an optimal route based on

landmark quality. Weights were adapted according to the permanence, visibility, use-

fulness of location, uniqueness and brevity of the landmark description. In a similar

fashion the Landmark-Spider-Algorithm from Caduff and Timpf (2005) calculates

the clearest route in terms of spatial references and uses selected landmarks to give

route instructions. The model selects landmarks based on distance and orientation

of the traveler with respect to the landmark and salience of the objects. Another

approach which uses types of landmarks tackles the incorporation of landmarks in

computer-generated route instructions (Duckham et al. 2010). Here a weighting sys-

tem is proposed that is based on expected average properties of the types of land-

marks (e.g. ubiquity, length of description, permanence...). Those objects are deter-

mined that are best suited to describe how to follow a given route.

Personal Dimensions
The landmark salience of an object is not only dependent on landmark or environ-

mental attributes but also on personal dimensions. Different travelers would find

different landmarks to be the most useful ones in a given situation (Götze and Boye

2016). The landmarkness of an object is dependent on mobility, gender, age, educa-

tion or hometown of the traveler (Winter et al. 2012). There is only little work that

deals with the idea that salience is not the same for every person. Burnett et al. (2001)

were the first who showed that travelers familiar with an environment choose other

landmarks than people unfamiliar with an environment. More recent studies con-

firmed their findings and showed that familiar buildings are more easily recognized

than unfamiliar ones (Hamburger and Röser 2014). Based on these results Quesnot

and Roche (2015) assumed that travelers who know the area by heart prefer differ-

ent landmarks than travelers unfamiliar with an environment. They confirmed this
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assumption and showed that persons that are familiar with a specific environment

prefer landmarks with personal significance.

Balaban et al. (2014) showed that emotions may have an influence on landmark

selection as well. They showed that negatively laden landmarks are remembered bet-

ter than positively laden or neutral ones. In addition, Palmiero and Piccardi (2017)

showed that both positive and negative emotional landmarks equally enhance the

ability to learn a path, and thus influence the acquisition of spatial knowledge. Fur-

thermore, they found that positive emotional landmarks improved the reproduction

of a path on the map as compared to negative or neutral emotional landmarks. The

investigation of emotions and landmarks is also a personalization, which however

neglects other personal dimensions. Götze and Boye (2016) model every landmark

that a person refers to in route instructions as a vector of features. Then an individual

mathematical model of salience is derived for every person. Currently this approach

is restricted to landmark dimensions, since the feature vectors only include spatial

attributes (distance and angle to a landmark as well as name and type extracted from

OSM data).

An approach to adapt the model by Raubal and Winter (2002) to different contexts

was proposed by Winter et al. (2005) by modeling the weights of the salience mea-

sures. In addition they investigated the proposed method in a thorough human sub-

ject test and found evidence that the variation of the context changes the selection of

the landmarks. However, their work focused on weights based on different contexts

(here, the time of the day). Apart from gender differences in weighting landmarks

by day and by night no other attributes of the personal dimension were investigated.

Although the familiarity with the environment was collected from test persons on a

simple binary scale, this attribute was not further evaluated. In our work we focus

on additional fundamental attributes of the personal dimension to provide help for

the automatic selection of personalized landmarks.

3 The Multidimensional Model for Personalized
Landmarks

In this section we introduce our multidimensional model for personalized landmarks.

In a first step the dimensions of the multidimensional model are discussed. Then the

saliences of all attributes are calculated. In a final step the overall salience of a land-

mark is calculated using the model from Raubal and Winter (2002) and compared to

our extended multidimensional model.

3.1 Dimensions of the Multidimensional Model

In this section we identify, investigate and discuss the attributes of the dimensions

of the multidimensional model.
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3.1.1 Landmark Dimensions

We follow the preceding definitions of Sorrows and Hirtle (1999) and Raubal and

Winter (2002) for the landmark dimensions.

Visual Dimension
Our multidimensional model includes four attributes for the visual dimension. One

of them is the surface structure. Buildings are visually salient if they have e.g., bay

windows or balconies. Other objects are salient if they are not shaped uniformly (e.g.

a water wheel with its blades is salient). An object with a differently shaped roof

than all the others within an environment (e.g. a street light with a peaked “roof”)

has a salient surface area, which is another visual attribute. An object can also be

outstanding because of the visual attribute height (e.g. a city gate is higher than all

the other objects around it). Another attribute of the visual dimension is color. For

example, multicolored recycling bins in a street with houses with no outstanding

coloring can attract the traveler’s attention.

Semantic Dimension
We calculate semantic salience by taking into account the cultural and historical
importance. Culturally important objects are for example museums, sports centers

or cinemas. Objects with historical importance are city walls or historic buildings.

In addition we investigate if explicit marks are available, because objects showing

explicit marks specify their semantics to the traveler (Raubal and Winter 2002) and

are therefore easy to identify.

Structural Dimension
Following Raubal and Winter (2002) we focus on local landmarks for wayfinding,

thus we include only local structural elements. The number of adjacent routes gives

information if the object is located at a street intersection. Such objects are more

important for route instructions than objects not connected to a street intersection.

The number of adjacent objects shows if the object is freestanding or not. Freestand-

ing objects (e.g. a city light) are more salient than objects that are part of an assembly

(e.g. terraced houses).

3.1.2 Descriptive Dimension

The descriptive dimension has not been considered in the work of Raubal and Win-

ter (2002). We propose to use explicit marks and number of words as attributes. An

object with an explicit mark can be explicitly named within route instructions. Fur-

ther, the traveler can easily identify the intended object. Thus, an explicit mark is very

valuable and can be directly used in route instructions. Furthermore, the number of
words is an important attribute for the descriptive dimension. It can be assumed that

the reference to a “long elongated blue building” needs more working memory than

the simple reference to the “casino” (Schneider and Taylor 1999).
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3.1.3 Environmental Dimension

There are several studies (see Sect. 2) proposing several environmental attributes.

Based on that our multidimensional model includes advance visibility, orientation,

distance and uniqueness.Advance visibility for a person approaching a decision point

is a cognitively relevant factor for the determination of landmarks (Winter 2003). To

consider the orientation of an object to the traveler the geographical space is divided

into sections (i.e. in front, beside and behind). The sections are dependent on the

traveler’s heading which corresponds to the orientation of the route segment lead-

ing to the decision point. Objects close to a decision point are useful for navigation

purposes (Waller et al. 2000). Thus, we consider the distance to the decision point

as attribute of the environmental dimension. Landmarks which are not unique can

be mistaken with other objects within the environment. Therefore we investigate the

neighboring street intersections if there are similar misleading objects.

3.1.4 Personal Dimensions

In a former work we identified personal dimensions to consider in determining per-

sonalized landmarks (Nuhn and Timpf 2017). Based on that we include the personal

dimensions prior spatial knowledge, personal interests and personal background in

our multidimensional model.

Prior Spatial Knowledge
The prior spatial knowledge of a traveler seems to be the most important dimension

to consider. It is commonly divided into three distinct types: landmark knowledge,

route knowledge and survey knowledge (Siegel and White 1975). In Nuhn and Timpf

(2017) we introduced four attributes to consider the prior spatial knowledge of a trav-

eler: no knowledge, landmark knowledge, route knowledge and survey knowledge.

While traveling through the environment people notice various objects and encode

images in a database. Thus, people are able to recall the objects they have seen and

to remember the names of certain buildings and locations (Thorndyke 1980). These

landmark knowledge landmarks can be used within route instructions in order to

link already known elements with new ones along the route (Nuhn and Timpf 2017).

Route knowledge is gained when a traveler is exposed to a route. This also includes

the knowledge of objects along the route. These objects can be divided in two groups:

objects that were part of previous route instructions and objects that were not yet used

for navigating. Route instructions, for a route segment part of route knowledge, can

be coarser, i.e., merely enriched with additional landmarks (Tenbrink and Winter

2009). Survey knowledge is defined as the result of the mental integration of two or

more routes (Herrmann et al. 1998). This is in contrast to route knowledge, which

is related to a single route. If the traveler has never been to the environment and has

never seen a map or photos then he has no prior spatial knowledge at all.
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Personal Interests
Travelers must look around in order to perceive things. But looking by itself is not

enough (Rensink et al. 1997). A traveler whose mind wanders during route follow-

ing may often miss important objects, even if these are highly salient. The key fac-

tor for perceiving things is attention, which is dependent on the degree of interest

(Rensink et al. 1997). Banerjee et al. (2015) confirmed that the voluntary focus of

attention on environmental inputs is influenced by an observer’s level of interest in

an object. There are two types of interests: individual and situational interest (Hidi

and Renninger 2006). Individual interests refer to an ongoing relation of a person to

a particular content (Hidi and Renninger 2006). Situational interest describes inter-

est that is caused by certain conditions and/or concrete features in the environment

(Renniger and Su 2012). In this work we consider individual interests. It represents

personality-specific orientation and provide important categories for action goals in

a situation where a person is free to do as one pleases (Krapp et al. 2017). There

are many different possible interests for a pedestrian in an urban environment. For

example, a traveler, who is passionate about soccer but bored by historical monu-

ments, will obviously be more attentive to soccer related things than urban features

such as city walls or statues.

Personal Background
The personal background is a common name for attributes describing the traveler’s

experience outside of a specific domain (Brusilovsky and Millán 2007), in our case

navigation and wayfinding. It gives information about the personal characteristics

of a traveler and includes geographic data as well as data describing the traveler’s

characteristics (Kobsa et al. 2001). The country of residence is considered, because

travelers not living in the country of the environment they need to navigate may be

used to environments or objects shaped differently (Kattenbeck 2016). For example,

if a Dutchman refers to recycling bins he maybe thinks of a tube-like object set into

the ground (see Fig. 1, left) whereas a Frenchmen would search for a completely dif-

ferent object (see Fig. 1, upper right). The second geographically related attribute is

the cultural background of the traveler. Travelers, who grew up in another country

may be used to completely different environments and objects. For example, some-

one who grew up in a small village in Africa, where the next bigger city is several

kilometers away, has a different background compared to somebody who grew up in

the middle of a modern central European city. There are also attributes important for

the multidimensional model concerning the traveler’s characteristics. This includes

the education of the traveler. It was revealed that users’ knowledge in a domain varies

considerably according to their background and job (Berry and de Rosis 1991). Con-

cerning navigation and wayfinding, the education of a traveler can influence the way

visual and structural dimensions are perceived (Kattenbeck 2016). Further attributes

concerning travelers’ characteristics are gender and age of the traveler. The incorpo-

ration of these attributes into this first proposal of a multidimensional model would

require deeper analysis of their influence on the overall salience of a landmark, which

is beyond the current scope of this paper. Nevertheless, we mentioned these attributes

for the sake of completeness.
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Fig. 1 Recycling bins in the

Netherlands (left), France

(upper right) and Germany

(bottom right)

3.2 Calculating Salience

In this section the salience of the landmark attributes defined above is calculated.

Methods for the calculation of salience for the attributes of all dimensions are inves-

tigated.

3.2.1 Salience of the Attributes of the Landmark Dimensions

In this section the salience for the attributes of each landmark dimension is calcu-

lated. We assign salience values to each attribute. If for a landmark candidate all

attributes of a landmark dimension are salient it gets a 100% salience. For example,

if an object meets all requirements of the structural dimension, it gets 100% for struc-

tural salience. The conditions that must be fulfilled in order to assign a percentage

of a salience value to the attributes is shown in Table 1 and explained below.

Surface area and color are considered salient if their value is different from all

others in a local environment. For the definition of this local environment a buffer

of 100 m is chosen in this work. The surface structure is salient if the object has an

outstanding surface (see Sect. 3.1.1). The assessment if the attribute value of height
of an object is significantly different from mean characteristics within the buffer is

done by hypothesis testing (see Raubal and Winter (2002) for details). As soon as the

model is complete, a sensitivity analysis to identify the importance of the individual

attributes of the visual dimension will be carried out. This will enable us to give

different weights to different attributes. However, for the current study, we assume

that each of the attributes of the visual dimension has the same effect on the overall

salience of an object. Therefore, we assign a salience value of 25% if the attribute is

salient. Zero percent means the attribute is not salient.

The attributes of the semantic dimension are salient if their attribute values are

“True”. Because the availability of explicit marks is of a higher value than cultural or

historical importance it gets a salience of 50%. The other two attributes get a salience

of 25%.
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Table 1 Rules for the computation of landmark, descriptive and environmental saliences

Dimension Attribute Salient Salience

(Attribute)

Salience

(Dimension)

Visual Surface Structure

𝜆

If 𝜆 = True s
𝜆
∈ {0, 25%} svis[%] = s

𝜆
+ s

𝜙

+ s
𝜇
+ s

𝛾

Height 𝜙 See text below s
𝜙
∈ {0, 25%}

Surface Area 𝜇 s
𝜇
∈ {0, 25%}

Colour 𝛾 s
𝛾
∈ {0, 25%}

Semantic Cultural

importance 𝜖

If True s
𝜖
∈ {0, 25%} ssem[%] = s

𝜖
+ s

𝜄

+ s
𝜉

Historical

importance 𝜄

s
𝜄
∈ {0, 25%}

Explicit marks 𝜉 s
𝜉
∈ {0, 50%}

Structural Number of

adjacent routes 𝜂

If 𝜂 > 1 s
𝜂
∈ {0, 50%} sstr [%] = s

𝜂
+ s

𝜃

Number of

adjacent objects

𝜃

If 𝜃 = 0 s
𝜃
∈ {0, 50%}

Descriptive Explicit marks

De

If True sDe ∈ {0, 100%} sdesc[%] =

max(sDe, sDn)

Number of words

Dn

dependent on the

number

sDn ∈ {0, 50%,
75%, 100%}

Environmental Advance

visibility Ev

If visible sEv ∈ {0, 25%} senv[%] = sEv + sEo
+ sEd + sEu

Orientation Eo If “in front” OR

“beside”

sEo ∈ {0, 25%}

Distance Ed If Ed= min(De1,

. . .Dei)
sEd ∈ {0, 25%}

Uniqueness Eu If True sEu ∈ {0, 25%}

Concerning the structural attributes, the number of adjacent routes is salient if

there is more than one route next to the object. Freestanding objects, where the

number of adjacent objects is zero, are also significant. Similar to the case of visual

attributes we assume that each of the attributes has the same effect on the overall

salience and therefore assign a salience value of 25%.

3.2.2 Salience of the Attributes of the Descriptive Dimension

A landmark that can be described with an explicit mark is a valuable navigation

aid and can be directly used in route instructions. Therefore such a landmark gets a

salience for the explicit mark of 100% (see Table 1). If there is no explicit mark avail-

able the number of words is investigated. A landmark, which can be described with

a single word is easy to remember for the traveler and therefore gets a salience for
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number of words of 100%. Descriptions with two terms are still easy to memorize but

are more complicated than a one-word description. Therefore, such a landmark only

gets a salience of 75% for number of words. Landmarks with descriptions includ-

ing three words get a 50% salience. Landmarks with descriptions of more than three

words get no salience for the attribute number of words, because they get too long.

3.2.3 Salience of the Attributes of the Environmental Dimension

One attribute of the environmental dimension is advance visibility of a landmark

(see Table 1). The implementation of Winter (2003) approach for visibility analy-

sis would require deeper analysis of our data, which is beyond the scope of this

paper. Therefore we use as a first step a simple line of sight analysis (see Fig. 2). It is

investigated if the line of sight from the street intersection before the decision point

intersects another object. If that is not the case then the attribute advance visibility
is salient for this object.

Landmarks which are located next to or in front of the route get a salience of 25%.

Landmarks at the back of the traveler are not as good as landmarks at the front or next

to the route. Therefore, such a landmark gets no salience for orientation. Landmarks

are useful navigation aids if they are close to the next decision point. Therefore, the

object with the smallest distance to the decision point is assigned a salience of 25%.

The other objects do not get any salience for this attribute.

The landmark is unique if there is no other misleading object within the environ-

ment of the route. Thus, neighboring street intersections are investigated. If there are

no similar objects in one of these environments, a salience of 25% is assigned. For

the environmental attributes the same applies as for the attributes of the visual and

the structural dimension. We assume the same effect of the environmental attributes

on the overall salience and apply a salience of 25% if it is salient. If it is not salient,

the salience is zero.

Fig. 2 Example advance

visibility
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3.2.4 Salience of the Attributes of the Personal Dimensions

Landmarks should be selected according to the interests, background and prior spa-

tial knowledge of the traveler. Each landmark belongs to a number of areas of inter-

ests. For example a city gate could belong to the areas of interests historical mon-
uments and architecture. If an interest of the traveler matches one of the areas of

interests that the landmark belongs to, then a significance value of 100% is assigned

to the landmark (see Table 2).

For the attributes of the background dimension country of residence, cultural
background and education are considered. The first two attributes are salient if the

traveler has grown up or rather lives in the environment that she has to navigate.

Country of residence and cultural background are attributes that are connected to

each other. This means: if one attribute holds true the possibility is high that the

other attribute also holds true. In order to avoid a higher weighting of these attributes

compared to education only a salience value of 25% is assigned.

For education the same approach applies as for the interests. Hence, each land-

mark belongs to one or more educations. For example, measuring points are salient

objects for surveyors. If the education of the traveler matches one education to which

the landmark belongs, a significance value of 50% is assigned to the landmark. Which

is as high as the salience values for Country of residence and for cultural background
together.

The prior spatial knowledge is a dimension that influences most of the other

dimensions and their attributes. For that reason the prior spatial knowledge

is considered using weights within the multidimensional model. How the weight-

ing is done is investigated in Sect. 3.3.2.

3.3 Overall Salience

In this section the overall salience of a landmark is determined. First, we calculate

the overall salience using the conventional model by Raubal and Winter (2002).

Secondly, we discuss our approach of the multidimensional model.

Table 2 Rules for the computation of personal saliences

Dimension Attribute Salient Salience

(Attribute)

Salience

(Dimension)

Interest Interest I If I = ILM si ∈ {0, 100%} sI[%] = si
Background Country of

residence C

If C = True sC ∈ {0, 25%} sPB[%] = sC + sB
+ sE

Cultural

background B

If B = True sB ∈ {0, 25%}

Education E If E = ELM sE ∈ {0, 50%}
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3.3.1 Conventional Model by Raubal and Winter (2002)

The approach from Raubal and Winter (2002) is also based on the well-established

visual, semantic and structural dimensions. They include different attributes, which

differ slightly from ours. However, we use our attributes (see Sect. 3.1.1), to make

the models comparable.

Raubal and Winter (2002) determine in a first step values for each attribute. Then,

it is investigated whether an attribute value is significantly different from the others.

This is done using hypothesis testing. The significance value is set to 1 if there is a

significant difference, i.e. the attribute is salient. Otherwise, the significance value is

zero. We consider the attribute values as salient if they fulfill the conditions defined

in Table 1 (column salient). For the salience values for the attributes we use also 1

and zero for the conventional model. Note, that this is a difference to our multidimen-

sional model (see Sect. 3.3.2), where we use the salience values defined in Table 1

(column Salience (Attribute)).

Next, the significance values are grouped for visual, semantic and structural

dimensions (see Eqs. 1–3). The total measure of landmark salience for each building

is determined by adding up the grouped significance values (see Eq. 4). Raubal and

Winter (2002) mentioned that the weights in this total measure can be used for an

adaptation to the context or individual user preferences, but did not discuss this any

further.

svis = (s
𝜆
+ s

𝜙
+ s

𝜇
+ s

𝛾
)∕4 (1)

ssem = (s
𝜖
+ s

𝜄
+ s

𝜉
)∕3 (2)

sstr = (s
𝜂
+ s

𝜃
)∕2 (3)

sconvM = wvis ∗ svis + wsem ∗ ssem + wstr ∗ sstr (4)

3.3.2 Multidimensional Model

In this section we add the additional dimensions which we defined above to the con-

ventional model of Raubal and Winter (2002) (see Sect. 3.3.1). Analog to their model

the values for each attribute for each dimension are determined. Then, it is investi-

gated whether an attribute value is salient. This is done according to the rules for the

computation of saliences in Tables 1 and 2 (column salient). The attribute saliences

are assigned according to Tables 1 and 2 (column Salience (Attribute)).

Then the significance values are grouped for visual, semantic and structural

dimensions (see Table 1, column Salience (Dimension)). The same is executed for

the environmental dimension (see Table 1, column Salience (Dimension)) and the

background dimension of the personal dimensions (see Table 2, column Salience

(Dimension)). To determine the overall salience value for the descriptive dimension

the higher salience value of the attributes number of words and explicit marks is cho-

sen. The interest dimension of the personal dimensions consists of only one attribute,

therefore no further processing is needed.
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Next, the overall salience value of an object is determined according to Eq. 5. The

values for the weights are shown in Table 3. The weights represent the consideration

of the prior spatial knowledge of the traveler within the multidimensional model.

Travelers not familiar with an environment use landmarks which are highly visual

salient (Quesnot and Roche 2015), therefore visual salience is weighted with a factor

of 3. The semantic salience is zero because it is more appropriate for people famil-

iar with an environment (Quesnot and Roche 2015). Structural salient landmarks

should be used if there are no visual outstanding landmarks (Quesnot and Roche

2015), therefore structural salience is not as important as visual salience. For people

not familiar with the environment explicit marks are not important, because it tells

them nothing. Therefore, only the number of words is considered within the model.

Because the environmental dimension, the interest and the background dimensions

are important dimensions for selecting personalized route dependent landmarks they

are weighted twice for all types of prior spatial knowledge (see Table 3).

smultidimM = (wvis ∗ svis + wsem ∗ ssem + wstr ∗ sstr
+ wdesc ∗ sdesc + wDe ∗ sDe + wDn ∗ sDn
+ wenv ∗ senv
+ wI ∗ sI + wPB ∗ sPB)∕100 (5)

A traveler with route knowledge is familiar with the route and therefore prefers

landmarks that have a special meaning to him. Therefore, the semantic salience is

weighted with a factor of 3. In this case the landmarks should also be describable by

an explicit mark, therefore explicit marks are considered within the multidimensional

model for route knowledge. Similarly to the other cases, the environmental and the

personal dimensions are weighted with a factor of 2.

A traveler with survey knowledge should be familiar with the area. Nevertheless,

it can be assumed that not all of the available landmarks are familiar because of their

semantic salience but also because of their visual salience. Therefore, the visual as

well as the semantic salience are weighted with a factor of 3. Structural salience

Table 3 Weights
Weights No Route Survey

wvis 3 0 3

wsem 0 3 3

wstr 1 0 1

wdesc 0 0 1

wDe 0 1 0

wDn 1 0 0

wenv 2 2 2

wI 2 2 2

wPB 2 2 2
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is also considered. In this case it is important if the object has a high descriptive

salience no matter if this is because of a low number of words or an explicit mark.

4 Case Studies

4.1 Provenance of Data

The modeling of the landmarks in the multidimensional model requires a number

of data sources. According to the defined attributes, visual, semantic, structural and

descriptive data are required. In our case studies we used OSM data. The data not

available from OSM (e.g. color or description) were collected through a field sur-

vey. The height of the buildings was extracted from a official 3D city model (block

model). The height of the other objects was estimated manually for this preliminary

study. For this paper we assume that the attribute values for the personal dimen-

sions are available. In Sect. 4.3 possible methods to acquire the attribute values of

the personal dimensions are discussed.

4.2 Personalized Landmarks—Examples

This section demonstrates the applicability and usefulness of the multidimensional

model using three different case studies. In Fig. 3 an example decision point with 8

potential landmark candidates is shown. There are five buildings and three other

objects. Within Table 4 the saliences for all the dimensions except the personal

dimensions of the landmark candidates are listed.

In Table 5 the overall saliences based on Eq. 4, for the conventional model are

presented. The results identify the recycling bins at the decision point as the most

suitable landmark. Although the semantic salience of this landmark candidate is low,

it has a high visual and structural salience (see Table 4). The next salient landmarks

according to the conventional model are the streetlight and the casino. The streetlight

is salient because it is freestanding. Whereas, the casino gets a high overall salience

because of its semantics.

In the following sections we demonstrate the overall saliences based on Eq. 5 for

different case studies for a traveler with no knowledge, survey and route knowledge.

Note that, if there are landmarks part of landmark knowledge or part of previous

route instructions available, theses landmarks should be used for route instructions.

Then, no further investigations are needed. Therefore, in these example case stud-

ies we assume that neither landmark nor route knowledge (used in previous route

instructions) landmarks are available.
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Fig. 3 Example decision point with landmark candidates

Table 4 Examples of object saliences (in percent)

Object Visual Semantic Structural Descrip. Number

of words

Explicit

marks

Environm.

Olivenöl...

und mehr

0 50 50 100 50 100 25

Residential

building

0 0 50 75 75 0 25

Streetlight 25 0 100 75 75 0 50

Recycling

bins

75 0 100 75 75 0 50

Casino 25 75 50 100 100 100 75

City gate 50 25 50 75 75 0 50

City wall 50 25 50 75 75 0 50

Water wheel 75 25 50 75 75 0 25
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Table 5 Object saliences for a traveler with unknown interest and education

Object No Route Survey Conventional

model

Oliven... und

mehr

2.5 4 4.5 1.67

Residential

building

2.75 1.5 2.75 1

Streetlight 4.5 2 4.5 2.25

Recycling bins 6 2 6 2.75
Casino 4.75 5.75 7 2.25

City gate 4.75 2.75 5.5 1.83

City wall 4.75 2.75 5.5 1.83

Water wheel 5 2.25 5.75 2.08

4.2.1 Traveler with Unknown Interest and Education

In Table 5 the overall saliences based on Eq. 5 are presented for a traveler with no,

survey and route knowledge. These values are based on the attribute values of a

traveler with unknown interest and education (Table 6). It is assumed that the traveler

lives and has grown up within the country of the environment to navigate.

If we assume a traveler with no knowledge, the recycling bins would be the most

suitable landmark (see Table 5), which is in line with the conventional model. This

landmark shows a 75% visual salience, which is weighted with a factor of 3 (see

Table 3). The water wheel also carries a visual salience of 75% but the environmental

salience, which is weighted twice, is lower. The water wheel is located at the back

of the traveler and has no advance visibility at all. Whereas the recycling bins are

located in front of the traveler and are visible in advance. Also the structural salience

Table 6 Interest and background saliences for a traveler with unknown interest and education

Object Interest Country of

residence

Cultural

background

Education Background

Olivenöl...

und mehr

0 25 25 0 50

Residential

building

0 25 25 0 50

Street light 0 25 25 0 50

Recycling bins 0 25 25 0 50

Casino 0 25 25 0 50

City gate 0 25 25 0 50

City wall 0 25 25 0 50

Water wheel 0 25 25 0 50
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of the recycling bins is high, because they are freestanding objects. With regard to

the number of words, which are considered to determine landmarks salience (see

Table 3), only the casino is describable with a single word. The others need at least

two words. Nevertheless, the recycling bins are the most salient landmark at the

decision point, because the saliences of the other dimensions are high.

For someone with route knowledge the casino is a suitable landmark. The seman-

tic salience is weighted with a factor of 3, while the visual and structural charac-

teristics of a landmark candidate are not considered (see Table 3). For the deter-

mination of the salience of the landmark candidates in route knowledge areas it is

considered if an object shows explicit marks. The casino is one of two landmarks

(beside “Olivenöl... und mehr”) which shows explicit marks (see Table 4). Further-

more, the environmental salience is high, because the casino is visible early on while

approaching the decision point, its orientation is “in front” and it is unique within

the environment.

The best landmark for someone with survey knowledge would be the casino as

well (see Table 5). To determine the landmarks in survey knowledge areas the visual

and the semantic salience are weighted with a factor of 3 (see Table 3). Because the

casino shows explicit marks it has a high semantic and a high descriptive salience as

well.

4.2.2 Traveler with Interest in Historical Monuments

In this case study we assume a traveler who is a professor of cultural history and very

interested in historical monuments. He also lives and has grown up in the country of

the environment to navigate. In Table 7 the interest and background saliences for this

case are shown. The city gate and the city wall get a salience for the interest and the

background of 100%. The saliences of the landmark candidates dependent on these

attribute values are shown in Table 8.

In this case, the most salient landmark for a traveler independent of his prior

spatial knowledge are the city wall and the city gate. Because of the additional factor

for the interest and the background their saliences are exceeding the saliences of the

recycling bins (for no knowledge) and the casino (for survey and route knowledge).

For a traveler with route knowledge the casino stays a good choice because it is highly

semantic.

4.2.3 Traveler with Different Cultural Background

In this last case study we assume a traveler who has not grown up and does not live

within the environment to navigate. This could be for example a tourist who is just

for a few days within the city. In Table 9 the interest and background saliences for

this case are shown. Recycling bins are often shaped differently in different countries

(see Fig. 1). They can differ in form, size and color, therefore they get a value of 0 for

country of residence and cultural background. Because the other buildings/objects
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Table 7 Interest and background saliences for a traveler with interest in historical monuments

Object Interest Country of

residence

Cultural

background

Education Background

Olivenöl...

und mehr

0 25 25 0 50

Residential

building

0 25 25 0 50

Streetlight 0 25 25 0 50

Recycling bins 0 25 25 0 50

Casino 0 25 25 0 50

City gate 100 25 25 50 100

City wall 100 25 25 50 100

Water wheel 0 25 25 0 50

Table 8 Object saliences for a traveler with interest in historical monuments

Object No Route Survey Conventional

model

Oliven... und

mehr

2.5 4 4.5 1.67

Residential

building

2.75 1.5 2.75 1

Streetlight 4.5 2 4.5 2.25

Recycling bins 6 2 6 2.75
Casino 4.75 5.75 7 2.25

City gate 7.75 5.75 8.5 1.83

City wall 7.75 5.75 8.5 1.83

Water wheel 5 2.25 5.75 2.08

are the same in their appearance in different countries they get a salience of 25% for

country of residence and for cultural background. The best landmarks for someone

with no knowledge are the recycling bins or the water wheel (see Table 10). The

water wheel has a low environmental salience, because the only attribute, which is

salient of the environmental dimension, is the uniqueness. However, it has a high

visual salience. In addition, it is an object that is shaped more or less the same in

different countries. That makes the water wheel a good choice for someone with no

knowledge for this case study.

The recycling bin is still a valuable landmark for someone with no prior spatial

knowledge, although it has no salience for the personal background. But as already

mentioned in Sect. 4.2.1, its visual, structural and environmental salience is high.

For future work it is necessary to consider if landmarks with no country of residence
or no cultural background salience should be excluded from the potential landmarks

for the traveler.
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Table 9 Interest and background saliences for a traveler with different cultural background

Object Interest Country of

residence

Cultural

background

Education Background

Olivenöl...

und mehr

0 25 25 0 50

Residential

building

0 25 25 0 50

Street light 0 25 25 0 50

Recycling bins 0 0 0 0 0

Casino 0 25 25 0 50

City gate 0 25 25 0 50

City wall 0 25 25 0 50

Water wheel 0 25 25 0 50

Table 10 Object saliences for a traveler with a different cultural background

Object No Survey Route Conventional

model

Oliven... und

mehr

2.5 4.5 4 1.67

Residential

building

2.75 2.75 1.5 1

Street light 4.5 4.5 2 2.25

Recycling bins 5 5 1 2.75
Casino 4.75 7 5.75 2.25

City gate 4.75 5.5 2.75 1.83

City wall 4.75 5.5 2.75 1.83

Water wheel 5 5.75 2.25 2.08

For someone with survey knowledge or route knowledge the casino is still (as in

the two other case studies) a suitable landmark. The casino can be recognized by its

explicit marks and is located in a normal building which has the same appearance in

different countries.

4.3 Discussing Data Collection Methods for the Personal
Dimension

In Nuhn and Timpf (2017) we discussed first methods to acquire the attribute values

of the personal dimensions. A possible method to capture the prior spatial knowledge

of the traveler is to store already navigated routes. Also, landmarks that were already
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used for navigation could be stored as landmarks part of landmark knowledge. The

attribute values for the personal background must be provided explicitly because it is

nearly impossible to deduce them by sensors or by simply watching the traveler. The

personal interests of a traveler can be learned with the help of a learning system (see

also Richter 2017) because entering all the values explicitly would be too exhausting

and time consuming for a traveler.

There are still attributes of the personal dimensions missing (for example, gen-

der and age of the traveler) which we have to include in our model. As soon as the

model is complete a sensitivity analysis to check the models logic and robustness

will be carried out. The identification of the importance of the individual attributes

enables to estimate the effort which must be invested in data acquisition for differ-

ent attributes. If the sensitivity analysis indicates that the model includes a number

of attributes to which the model is insensitive, then we can maybe exclude these

attributes from our multidimensional model to minimize the acquisition effort.

5 Conclusion and Future Work

This paper proposes a multidimensional model for landmarks that incorporates land-

mark, descriptive, environmental and personal dimensions. The dimensions of the

model and their attributes were defined and debated. Further, methods for the cal-

culation of salience for the attributes of all dimensions were investigated. Finally,

the dimensions were integrated in a multidimensional model to calculate the over-

all salience. We showed that varying attribute values for the attributes for the per-

sonal dimension changed the most salient landmark in our case studies. In this paper,

weights were chosen based on consideration. This provides a good framework for an

empirical study in a real usage context to fine-tune the current approach.

In this paper, first ideas on how to consider the traveler’s interests were proposed.

In this work we considered the interest of a person to a particular content. In future

work we will also consider interest that is caused by certain conditions such as the

goal of wayfinding. Further attributes concerning travelers’ background are gender

and age of the traveler. In this paper we neglected these attributes because their

incorporation in the multidimensional model would require deeper analysis. In future

work we will investigate their influence on the overall salience of an object.

In this paper we provided an example how to consider a traveler with different

cultural background. But there are also people with multi-cultural background. For

example someone who grew up in a small village in Africa and then moved to a

central European city is used to differently shaped objects with the same meaning.

So we have to investigate the question after which period of time such a person is

familiar enough with the city that he is also able to use country-specific objects for

navigation.
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